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The face is supplied by numerous branches
from the external and internal carotid arteries.
Except for the principal branches, these vessels
have a small diameter and oniy a few of them
pass to the facial skin as "direct" or "cutaneous"
arteries (3, 22). In the skin, cutaneous arteries
form a distinct vascular pattern (23) character-
ized by fine dermal anastomoses (2) which may
be modified by age and disease (4).
The numbers of capillary ioops beneath the
epidermis of the face varies markedly from region
to region (28). The diameter of the capillaries is
also different in different areas of the skin (5, 19).
Photoelectric plethysmographic determinations
showed differences in "volume pulse" amplitude
in different parts of the face (10), but no system-
atic study has been made of the topographic
differences in the basic morphology of the
cutaneous blood vessels. This paper reports a
thorough investigation of the superficial blood
vessels of the face.
MATERIAL AND METHODS
Seventy-three biopsy specimens of apparently
normal skin from 60 males, white and Negro, 20
to 40 years old, were taken from twelve areas of
the face, previously injected with 2 per cent
novocain. These regions shown in figure 1 were
delimited by the external prominences and folds
of the face rather than by specific developmental
or anatomical features (18). The numbers on
figure 1 correspond to the numbers preceding the
description of each area of the face which is
given in the test. They are identified as follows:
(1) forehead, (2) temporal region, (3) orbital and
infraorbital region, extending to the nasolabial
fold, and including the inner and outer canthus,
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(4) upper eyelid, (5) nose, (6) ear, (7) cheek,
including the zygomatic area and the upper parta
of the parotidomasseteric and auricular regions,
(8) philtrum and nasolabial folds, (9) jaw, con-
sisting of part of the buccal region plus the lower
parotidomasseteric region, (10) perioral region,
(11) lips, and (12) chin.
Biopsy specimens were taken at different loci
within these areas; a few special sites are indi-
cated by the black squares (Figure 1).
Most of these specimens were processed within
24 hours, but some were stored in dry ice for 3—4
days without impairment to enzyme activity. All
of the specimens were fixed 1 to 4 hours in 10 per
cent neutral, cold, unbuffered formalin, cut at a
uniform thickness of 50 p on a freezing micro-
tome, rinsed in distilled water and run through a
modification of the azo-dye technic for alkaline
phosphatases. Both horizontal and vertical
sections of the skin were prepared (Figs. 2,4).
Measurements were made with an ocular
micrometer and calibrated with a stage microme-
ter. The thickness of the epidermis was measured,
except in the lips, from the outer periphery of the
corneal layer to the suprapapillary basal layer;
sloughing of some of the corneal layer during the
preparation of the sections produced some vari-
ability. The levels at which the blood vessels
branch were measured from the tips of the
capillary loops nearest the dermal-epidermal
junction. The approximate numbers of capillary
loops per square millimeter of epidermis were
obtained by counting the ioops visible under two
millimeter lengths of epidermis in ten separate
vertical sections 50 p thick. Such counts were
made on single biopsy specimens and on different
specimens from the same region. The results are
given as an average figure with the range ob-
served in twenty-five individual counts.
OBSERVATIONS
In general the vessels of the dermis appeared
to be arranged in a continuous network composed
of two levels of deeper vascular arcades and a
more complex upper dermal architecture.
Deeper Vessels of the Face
Unlike the vascular patterns of the papillary
body and middle dermis, the organization of the
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FIG. 1. Front and side views of the face indicating the extension of the areas studied. The numbers
correspond to the numbers in the text. The black squares indicate a few special biopsy sites.
deeper arterioles is fairly similar from region to
region. Within the limits of the technic used the
deeper vessels of the dermis fit the following
description. A vascular arcade composed of inter-
connecting arterioles that arch convexly with
respect to the epidermis, exists between the
depths of 1.6 and 1.3 mm. in the dermis. Many
of the arterioles supplying the sebaceous glands
seem to originate at these levels. The only blood
vessels which we observed below this level were
those supplying the secretory tubules of the
ecerine sweat glands and the bulbs of growing
hair follicles. In general, these appear to stem
from larger arterioles lying at depths between 1.9
and 2.3 mm. in the dermis. These arterioles are
undoubtedly those described by Hoerstman (11).
Above the deeper arcade just described, a
second system of arching arterioles consists of
vessels linking the underlying arcade with the
arterioles in the upper dermis, which vascularize
the dermal papillae, the upper portions of the
hair follicles and the sebaceous glands. These
relatively large arterioles arch alternately be-
tween an upper limit of 1 mm. and a lower limit
of 1.3 mm., thus establishing a series of vascular
arcades. Some accessory arterioles other than
those related to the appendages just mentioned
branch from this arcade and climb into the upper
levels of the dermis, and are generally associated
with the ducts of deep-lying sweat glands. In the
forehead, the orbital and infraorbital regions, the
eyelid and the lips, the larger deep-lying arterioles
gave such faint staining that it was difficult to
relate the superficial cutaneous branches with
their deeper vessels.
Blood Vessels in the Upper Dermis
Regularly spaced branches coming from the
deeper levels bifurcate slightly above the upper
arcade at 775 and 560 p beneath the surface
epidermis. These bifurcations are generally asso-
ciated with hair groups which form the center of
a cone-shaped vascular unit having its base
directed toward the epidermis (Figs. 3, 4, 5). In
vertical sections, 5 or 7 principal rami ascend
from these bifurcations in a triangular pattern
toward the papillary body; each of these, in turn
subdivide at different levels, which are constant
for all regions, occurring at a depth of approxi-
mately 470, 360, 270, iSO, 90 and 45 p. The
character of the branching is different in various
regions; some vessels dividing at very acute
angles, others at nearly right angles.
The principal rami, their secondary branches
and their smaller subdivisions, form the vascular
unit (Figures 4 and 5). Although adjacent units
may overlap in the papillary body, distinct
patterns of concentric elliptical rings of blood
vessels around a central hair group can be seen
in horizontal sections (Figure 3). The diameter of
the outermost ellipse (base of the vascular unit)
shows considerable variation from region to
(
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PLATE I
FIG. 2. A horizontal section of the chin at the dermal-epidermal junction showing the numerous
darkly stained tips of capillary loops at a single level. Azo-dye technique for alkaline phosphatase,
25 ,. section, X 85.FIG. 3. A horizontal section of a hair group enclosed by a vascular unit: Note its general ellipsoid
patterns. Azo-dye technique for alkaline phosphatase from a section 25 i. thick at a level 375 z.below
the surface epidermis of the skin. x 85.
FIGS. 4 AND 5. A photomicrograph of a vascular unit in the perioral region and its graphic recon-
struction from serial sections. Note the inverted cone-shaped structure and the "candelabra" (arrows)
pattern in the upper dermis.
region but is fairly constant for a given region.
Thus a single vascular unit supplies a given area
of upper dermis and epidermis and suggests an
inverse relationship between the diameter of the
ellipse and the degree of vascularization of a
region.
The numbers and sizes of hair follicles, and
sebaceous glands, and the population of eccrine
sweat glands may vary from region to region on
the face and modify the appearance of circulatory
patterns. However, they do not seem to alter the
basic structure of either the deep arcades or the
superficial vascular units (13, 24, 26). The vascu-
larization of the upper dermis in the various
regions of the face are nevertheless sufficiently
different to warrant individual descriptions.
These differences are not absolute, and the
vascular patterns of one region blend into those
of adjacent regions.
1. Forehead (10 specimens). Only vellus hairs
are present. The epidermis of the forehead is
between 45 to 65 u thick, it is flat and devoid of
papillae. The papillary region is richly vascular,
having 102—203 (average 157) capillary loops per
square millimeter of surface. From bifurcations
at the 775 and 560 i levels, the principal rami
diverge toward the epidermis at very acute
angles (Figure 6). These primary vessels with an
endothelium weakly reactive for alkaline phos-
phatase divide as they pass toward the epidermis,
each division producing three or more secondary
rami. The total complex of the vessels of these
units form an ellipse under the epidermis with a
major axis of about 1.5 mm. The fields of ad-
jacent vascular units overlap. All primary and
secondary branches are interconnected by lateral
and horizontal branches. All of the subepidermal
capillary loops are linked together by delicate
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anastomoses at a depth of 45 p. The single skin
specimen obtained from the brow followed the
vascular patterns described above.
2. Temporal region (7 specimens). This skin
contains many sweat glands, large sebaceous
glands and tiny vellus hairs. The epidermis is 45
to 75 p thick. The many small dermal papillae
under it are penetrated by capillary loops (Figure
7) numbering 96 to 208 (average 145) per square
millimeter. The blood vessels in the upper dermis
arise almost at right angles from the primary and
secondary rami of the vascular units.
The vascular units are similar to those of the
forehead, except that they have a broader sub-
epidermal base approximately 1.8 mm. in diame-
ter.
3. Orbital and infraorbital region (5 specimens).
In this region there are numerous vellus hairs
with small sebaceous glands. The epidermis,
which is 60—75 p thick, has only a few small rete
pegs. Each dermal papilla is penetrated by a
single capillary loop, of which there are 84 to 171
(average 126) per square millimeter.
The principal rami of the vascular units
surrounding the vellus hairs ascend toward the
epidermis and divide at the levels mentioned
earlier. There they give off branches which form
small "candelabra" (Figure 8) (11). At the
dermal-epidermal junction each of the vascular
units has an elliptical base with major axis of 1.1—
1.3 mm. Horizontal collateral branches are
particularly well developed in this region.
4. Eyelid (1 specimen). There are many fine
vellus hairs with small elongated sebaceous
glands in the skin of the lid. The epidermis, about
55 p thick, has an almost flat dermal-epidermal
junction supplied by 102 to 148 (average 127)
capillary loops per square millimeter. The vascu-
lar units around the vellus hairs have well-
developed lateral and horizontal collateral
branches (Figure 9). Each unit supplies an
elliptical area 1.2 to 1.3 mm. wide.
5. Nose (4 specimens). In this region there are
many small vellus hairs and gigantic, well-
vascularized sebaceous glands. The epidermis is
75 p thick and almost devoid of rete pegs. There
are 55 to 148 (average 100) capillary mounds per
square millimeter of epidermis. The vascular
units are somewhat distorted by the presence of
the ponderous sebaceous glands, but the deeper
branches at the level of 775 p can be recognized
easily. These primary rami diverge, give off
branches at various levels, and supply an area 1.3
to 1.55 millimeters in diameter (Figure 10). As in
the cheeks all of the capillaries beneath the
stratum germinativum are connected by ribbon-
like anastomoses, distinct from the vascular rings
which surround the pilosebaceous canals. There
were no basic differences in vascular patterns
among the samples taken from the dorsum, the
tip or the lateral surfaces of the nose.
6. Ear (5 specimens). The thin epidermis of
the various areas of the ear is 75 p thick, and
many fine vellus hairs with their sebaceous glands
and groups of eccrine sweat glands lie close
beneath it. On its underside, moderate-sized
dermal papillae alternate with thin epidermal
ridges. Eighty-seven to 125 (average 120) capil-
lary loops per square millimeter supply this area.
The vascular units of the ear have "cande-
labra" (11) branches similar to those of the other
areas already described (Figure 11). The diameter
of the units varies from 1.5 to 2.0 mm. depending
on the region examined, and the adjacent units
overlap. The vessels which form arcades beneath
the vascular units are easily recognizable in this
area, since their endothelium gives a strong
alkaline phosphatase reaction.
7. Cheek (14 specimens). In this region both
terminal and vellus hairs are associated with
huge sebaceous glands (24). The suprapapillary
epidermis is 45 to 75 p thick. The Malpighian
layer has many very small rete pegs giving a
serrated appearance to the dermal-epidermal
PLATE II AND PLATE III
All figures show the superficial patterns of arterioles and capillaries in twelve different regions of the
face as demonstrated by the azo-dye technique for alkaline phosphatase. Magnification >< 85 unless
noted otherwise.
Fxo. 6. Forehead. Note the acute angles at which most of the rami divide. The black in the epidermis
is an artefact.
Fin. 7. Temporal region. The subepidermal capillary loops with their anastomoses penetrate and
surround the small papillae.
FIG. 8. Orbital region. Fragments of "candelabra" branching are shown around a central hair.
Fra. 9. Eyelid. The strong development of collateral horizontal branches is evident at several levels.
Fin. 10. Nose. The dermal-epidermal junction is almost fiat and the vascular loops occur under
the epidermis at regular intervals.
Fin. 11. Ear. The "candelabra" branching around a central hair is directly comparable with figure
8.
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FIGS. 6 to 11
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junction. The blood vessels under the epidermis
are very reactive for alkaline phosphatase, and
there are numerous anastomoses between the
capillary ioops of the papillary body. The anas-
tomosing capillaries invest the papillae rather
than penetrating them as they do in most other
tegions. In only two other regions, the nose and
rhe philtrum, are the dermal papillae vascu-
larized by this characteristic type of a network.
Seventy-four to 148 (average 131) capillary ioops
are found per square millimeter of epidermis.
The principal rami of the vascular units that
surround the hair follicles arise at a level of 775
j, and vascularize a subepidermal ellipse with a
major axis of 1.7 to 2.2 mm. The secondary
branches arise from the principal rami in the
form of arches, producing "candelabra" arterioles
(11) (Figure 12). The secondary branches ac-
company the upper segments of the ducts of the
eccrine sweat glands toward the epidermis.
8. The area of the philtrum including the naso-
labial folds (5 specimens). The epidermis is 35 to
100 thick and the large numbers of sweat ducts,
terminal hair follicles, and large sebaceous glands
almost obscure the papillae and epidermal ridges.
As in the cheek and the nose, the papillary body
is richly supplied with anastomosing capillaries
which invest the rete pegs. The number of
capillary loops per square millimeter of epidermis
varied from 92 to 222 (average 141).
The main vessels of the vascular units and their
side branches supply an area 1.5 to 1.7 mm. in
diameter. Typical of the philtrum, and in some
respects the forehead, is the manner in which the
secondary vessels branch from the principal rami
at very acute angles and ascend vertically toward
the dermal papillae. Bilateral branching of this
type resembles a frond (Figure 13). Although this
pattern is not rare among the capillaries of the
face, it is most typical of the philtrum. The levels
for the subdivision of the secondary rami and
their connecting anastomoses are the same as in
all the other regions described.
9. Jaw (9 specimens). This skin is populated
by many terminal hairs with large sebaceous
glands. The thickness of the epidermis is between
70 and 100 z, being thicker than that of the rest
of the face. The rete pegs are larger than elsewhere
appearing almost square in profile. The vascular
architecture shows more variations than in any
other area. Each dermal papilla is penetrated by
a capillary loop, but in the auricular zone the
dermal papillae contain peculiar tufts of capil-
laries. The number of capillary loops ranges from
112 to 176 (average 149) per square millimeter.
In the auricular zone the capillary bed is much
richer. The perifollicular vascular units reach
their maximal size in the jaw (Figure 14), forming
an ellipse of at least 2 mm. wide. Offshoots arise
from the secondary rami almost at right angles
thus forming a structure of the "candelabra"
type.
10. The perioral area (4 specimens). Numerous
large sebaceous glands predominate in this region.
The epidermis, with a thickness of 75 s, has small
rete pegs. The capillary loops beneath the surface
epidermis form complex patterns which do not
surround the papillae as they do in the cheek,
nose and philtrum. There are 101 to 157 (average
130) loops per square millimeter of skin.
Numerous intricate networks of vessels in the
upper and middle dermis (Figures 4 and 17)
arise from the principal lateral vessels of the
vascular units and their bifurcations at 775 and
560 beneath the epidermis. All of the rarni of
one unit vascularize an elliptical area about 1.7
mm. wide, which partially overlaps adjacent
ones. Collateral and horizontal anastomoses are
found at the usual levels.
11. Lips (3 specimens). The thickness of the
epidermis, which is about 490 was calculated
from the deepest penetration of the rete pegs to
the outer layer of horny cells. Thick rete pegs
alternate with extremely high dermal papillae;
long, straight capillary loops ascend close to the
skin surface (Figure 15) in numbers variable from
56 to 129 (average 88) per square millimeter.
Most of the remaining visible vessels in the
upper dermis form an almost continuous vascular
ribbon; not withstanding the absence of hairs, the
superficial vascular units originate at the usual
depth of 775 /1 and vascularize an area 1.6 mm.
in diameter.
12. Chin (6 specimens). Hair follicles with
sebaceous glands smaller than those in the cheek
or philtrum are numerous in this skin. The
epidermis, 60 to 100 thick, has numerous oval,
very small papillae similar in size to those of the
cheek. There are 129 to 199 (average 158) capil-
lary ioops per square millimeter of surface
(Figure 2). The arterial supply of the upper and
middle dermis is provided by vascular units
around hair groups. Secondary branches arise
from the principal rami which in turn take their
origin from deeper lying vessels (Figure 16). The
secondary rami give off collateral vessels at levels
470, 360, 270, 180 and 90 j below the surface.
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FIG. 12. Cheek. Fragments of "candelabra" are shown in the upper dermis.
FIG. 13. Nasolabial fold. The arrow points out typical "frond" bilateral branching which is common
in this region.
FIG. 14. Jaw. The bifurcations arise at almost right angles from a principal ramus. Note the perfect
capillary loops in the papillary body.
FIG. 15. Lip. Long, straight capillaries ascend close to the surface epidermis. X 100.
FIG. 16. Chin. Secondary vessels branch at various levels from the principal rami as they ascend
toward the epidermis.
FIG. 17. Perioral region. The arrows indicate the vessels forming the margins of two adjacent vascular
groups. This figure is an extension of figure 4.
____;_
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Thus, each vascular unit supplies an area 1.5 mm.
in diameter and overlaps with adjacent units.
DIscussIoN
The most detailed description of the anatomy
of the skin of the face is given by Hoerstmann
(11), but is incomplete. Two characteristic
features of this skin are a minimal development
of the dermal papillae (9, 12), and a great vari-
ation in the size of the sebaceous glands (11).
The superficial vessels of the vascular units are
always rich in alkaline phosphatase. The skin of
the face is richly vascular and in many regions
even the endothelium of larger and deeper blood
vessels is strongly reactive for this enzyme. The
endothelium of arterioles and arteries elsewhere
is seldom reactive (7, 16, 17). The great numbers
of blood vessels and the high level of enzyme
activity in the skin of the face probably reflects
elevated metabolic activity.
Three morphologically different types of
branching are found in the face. In the nose,
philtrum and forehead the secondary rami in the
upper 0.75 mm. of dermis frequently have bi-
lateral branches at
-
sharply acute angles, out-
lining vascular "fronds" (Figure 13). In the
cheek, jaw, perioral region, and the chin, the
secondary rami give rise to unilateral branches at
nearly right angles forming "candelabra" (Figures
4, 17). In the orbital and infraorbital region and
in the eyelid one finds intermediate types of
branching between the "frond" and "cande-
labra." Striking regional differences also occur in
the character of the capillary supply to the
dcrmal papillae. In the cheek, nose and philtrum
anastomosing capillaries between the capillary
loops invest the subepidermal papillae; at the
corners of the jaw each dermal papilla is supplied
by a central tuft of capillaries; in the other
regions examined each papilla apparently con-
tains a single capillary loop. The form and the
number of capillaries supplying the dermal
papillae from each individual unit cannot be
directly related to variations in the size of the
ellipse underlying the epidermis.
In the upper 0.75 mm. of the dermis of the face
in all regions examined, all of the arterioles and
capillaries appear to be organized in roughly
conical vascular units around epidermal ap-
pendages (except the lips), (Figures 3, 4, 5).
Anatomists and clinicians are aware of the
appearance of ring-shaped and/or macular spots
after the arteries are injected with dyes (3, 27),
and some skin eruptions follow a macular pattern,
particularly around the hairs (20). Davis and
Lawler (5) have mistaken the ring shaped ar-
rangement of the subepidermal blood vessels for
the arteriovenous anastomoses. Petecchiae, livedo
annularis a frigore and purpura annularis of
Majocchi may represent an exaggeration or the
summation of normal ring arrangement of the
vascular units. The perifollicular hemorrhage and
pigmentation sometimes seen as an X-ray effect
or in vitamin C deficiency may be other instances
of a perifollicular vascular unit damage.
The maximal diameter of each vascular unit
at the dermal-epidermal junction varies in
different regions. In general, the largest ones are
found in the areas with the apparently less
superficial circulation, and the smallest ones in
the more highly vascularized areas. The forehead,
the perioral region, the nose, the philtrum, the
lip, the chin, the orbital and infraorbital and the
eyelid fall into this last category. The temporal
region, the check and the jaw are included in the
former and the ear seems to be in an intermediate
position.
The richly vascular medial portions of the face
correspond to the regions of embryonic fusion of
the lateral nasal, maxillary and median nasal
processes, thus having a different origin than the
sides of the face. This fact is not an isolated
coincidence and although opinions vary (25),
basal cell cancers (8, 15) seem to occur chiefly
along the lines of embryonic fusion of the facial
skin. In a statistical study recently made in our
clinic, more than 70 per cent of forty-five basal
cell cancers of the face occurred in the medial
regions. Outside of this region, the incidence of
basal cell tumors is high in the auricular skin,
another area of relatively rich capillary supply.
Most of these richly vascularized areas are the
favorite sites of lupus erythematodes. The medial,
highly vascularizcd portions of the face corre-
spond with the known regions of low electrical
skin resistance and low electrical resistance has
been correlated with high metabolic activity (21).
These same regions of the face coincide also with
the areas where pain and temperature sensitivity
persist in syringomyelia patients with pro-
gressive higher involvement of the descending
root of the Trigeminal nucleus (21).
Because of the limitations of the technic used
in this study, we cannot deny or confirm Bellocq's
concept of three types of skin arteries (2). How-
ever, we can refute the observations of Wetzel
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and Zotterman (28) who report the number of
capillary loops per square millimeter of skin on
the cheek as sixteen and the ear lobe as thirty-
eight. These authors were observing blistered
skin and they may have been counting the deeper
blood vessels. Nesterow's (19) report on the
numbers of capillary loops per unit area in the
forehead, lips and cheeks may have the same
fault. Our study shows that the papillary body of
the face has a much richer capillary bed than had
been previously indicated (Figure 2). Comparison
of different regions shows that our data is in
partial agreement with Hertzmann's (10) plethys-
mographic studies, which indicate that the
vascularization of the nose is better than the
cheek; however, we do not find that the ear,
although apparently provided with a largely
variable superficial blood supply, is more vascular
than the forehead.
We cannot answer the main question of how
local capillary supply and development of the
overlying epidermis are related; but in the regions
with the smallest vascular units the rete pegs are
always poorly developed. Local differences in the
thickness of the epidermis, the size of sebaceous
(11) and sweat glands (13), and the development
of collagen and elastic fibers (1, 6), cannot be
related to differences in the superficial vascu-
larization. Unfortunately there are no studies on
the regional frequency of distribution of hair
follicles in the face complete enough (26) to be
correlated with our observations. We can only
point out that skin areas of apparently equal
vascularization support enormously different
sizes of hairs, and hair types.
SUMMARY
Seventy-three biopsy specimens were taken
from twelve different regions of the face and the
blood vessels in the skin were visualized with a
histochemical technic. The blood vessels of the
upper dermis are organized into approximately
conical vascular units with their bases over-
lapping beneath the epidermis. In general, the
forehead, perioral region, nose, philtrum, lip,
chin, orbital and infraorbital regions and the
eyelid have an abundant capillary circulation.
The temporal region, cheek, and jaw have fewer
blood vessels, while the ear is moderately vascu-
lar. The well vascularized medial regions of the
face are correlated with the embryonic lines of
fusion, sites of basal cell cancers, and regions of
low electrical skin resistance.
The character of the dermal-epidermal junc-
tion, numbers of capillary loops beneath the
epidermis, types of hair, and the approximate
size of the vascular units is given for each region
of the face
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